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1998

Domain wall / QFT correspondence

holography for Dp-branes
[H.dJ. Boonstra, K. Skenderis, P. Townsend, 1999]

AdS / CFT case gaugings of maximal supergravity

D3 1B AdS X & d=5, SO(6) [GUnaydin, Romans, Warner, 1985]

Henning Samtleben ENS Lyon === ==



1998

Domain wall / QFT correspondence
holography for Dp-branes

[H.dJ. Boonstra, K. Skenderis, P. Townsend, 1999]

gaugings of maximal supergravity

[Salam, Sezgin, 1984 ]

[Pernici, Pilch, van Nieuwenhuizen, 1984 ]

[GUnaydin, Romans, Warner, 1985]

D6 A | AdS xS d=8, SO(3)
D5 1B | AdS xS d=7, SO(4)
D4 | lIA | AdSs xS d=6, SO(5)
D3 | IIB | AdS xS d=5, SO(6)
D2 1A | AdSixS d=4, SO(7)
FUD1|IIA/B| AdS x S d=3, SO(8)
DO 1A | AdS XS d=2, SO(9)

[Hull, 1084]

[de Wit, Nicolai, 1982]

??? try to construct the SO(9)
theory ...
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1999 : constructing SO(9) supergravity

[Hermann Nicolai, HS]
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1999 : trying to construct d=2, SO(9) supergravity

two-dimensional supergravity is particularly simple :
L = —% —gl (—R—I—tr[P”PM]) T Lferm(nl,ug,#A)

coset space sigma model Es/SO(16) coupled to dilaton gravity

but has a remarkable structure :

(infinite tower of) dual scalar potentials luYm = "uw Iy

etc. conserved Es Noether current

——> classical integrability, affine Lie-Poisson symmetry Eo

off-shell symmetry : Es  can we gauge a subgroup SO(9) ??
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2000 : trying to construct d=2, SO(9) supergravity

O introducing vector fields ? (non-propagating in d=2)
SAM = 2VM @) it VM (8t

we can introduce 248 (= dim Eg) vector fields on which
supersymmetry closes provided that FHVM =0 ! (origin : d=3)

O gauging requires Yukawa couplings and fermion shifts
" L =D, # —gA" $,# etc.

with scalar tensors A”(V, Y r) depending on scalars and dual potentials !

B = i,

non-abelian duality relation
implies non-trivial consistency relations  |[F,,, Y| ="!,, (D, J?) o« 'y, " vVpot

surprise n° 1 : consistent supersymmetric system of field equations !
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2000 : trying to construct d=2, SO(9) supergravity

O minimal couplings and the embedding tensor

D, = 0, —gAMOynt"

surprise n° 2 : group theory determines all possible gaugings ! Oy C 1+ 3875

O(8)! SO(8) distinguished compact gauge group

) x SO(7, 1)
) x SO(6, 2)
5,3) x SO(5, 3)
SO(4, 4) x SO(4, 4)
Ga@) X Faq
Gy X F4(—20)
E6(6) X SL(S)
E6(2) X SU(Q, 1)
Eg(—149 X SU(3) no trace of SO(9) ... (no SO(9) singlet in 3875)
E7(7) X SL(Q)

E7(_5) X SU(2)

Es)

SO(7,1
SO(6, 2
SO(5, 3

several maximal subgroups of Es
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2000 : trying to construct d=2, SO(9) supergravity

O minimal couplings and the embedding tensor

D, = 0, —gAMOynt"
surprise n° 2 : group theory determines all possible gaugings ! Oyuny C 1+ 3875
SO(8)! SO(8) distinguished compact gauge group

surprise n° 3 : in fact, this is a d=3 theory !

DYy =',J% | — L BN e Jy

v, Y=Yy (D, J7) o Ty "y Vot non-abelian scalar-vector duality in d=3
surprise n° 4 : there is a ‘simple’ Lagrangian description !

L = tI’[PMP'u]—F@MNAM/\dAN—F...

gauged sigma-model with Chern-Simons coupled vector fields !
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2000 : trying to construct d=2, SO(9) supergravity

4 N

D, = 0, —gAMOynt" O, v C 1+ 3875

L = tr[PMP”]—F@MNAM/\dAN—F...

gauged sigma-model with Chern-Simons coupled vector fields !

SO(8)! SO(8) distinguished compact gauge group

/
o

d=3 maximal gauged supergravity

construction of three-dimensional AdS supergravities
new AdS vacua

holography & fluxes

construction/systematics of higher-dimensional gaugings
tensor hierarchies of non-abelian p-forms

rigid supersymmetry, flat target spaces

O0000O0
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2000 : trying to construct d=2, SO(9) supergravity

4 N

D, = 0, —gAMOynt" O, v C 1+ 3875

L = tr[PMP”]—F@MNAM/\dAN—F...

gauged sigma-model with Chern-Simons coupled vector fields !

SO(8)! SO(8) distinguished compact gauge group

d=3 maximal gauged supergravity

where is the SO(9) theory ?

12 years later ...
2012 : Golm, Hermann’s 60" birthday ...
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2012 . constructing SO(9) supergravity

[with Thomas Ortiz]
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2007 . gauging d=2 supergravity

DM = [T gAIUJM@MATA ' MA = (TB)MNI AlS Ve

O d=2 supergravity has an affine symmetry group : Eo - Es

O vector fields transform in the basic representation of Eg

O the embedding tensor transforms in the basic representation of Eg

I'm

1
248

1+248 + 387/¢

1+ 2-248 + 3875 + 30330

2-1+3-248+2-3875+ 30380 + 27000 + 14725

hidden off-shell shift
symmetries symmetries

248

the ingredients in 2000
—> d=3 gaugings

1
-------- 248 3
=)
4124 2
=
34752 o
213126
10575 04
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2007 . gauging d=2 supergravity

DM = [T gAMM@MATA ' MA = (TB)MNI AB"N‘

O d=2 supergravity has an affine symmetry group : Eo - Es
O vector fields transform in the basic representation of Eg

O the embedding tensor transforms in the basic representation of Eg

hidden off-shell shift
symmetries symmetries
' v 248
1 1
28 the full structure: 248 3
inf-dim HW reps 4124 S
1+ 248 + 3875 34752 g
7))
1 + 2 - 248 + 3875 + 30380 213126
1057504
2-1+3-248+2-3875+ 30380+ 27000+ 14725 !
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2012 : constructing SO(9) supergravity

DM = [T gAMM@MATA ' MA = (TB)MNI AlS Ve

O d=2 supergravity has an affine symmetry group : Eo - Es
O vector fields transform in the basic representation of Eg

O the embedding tensor transforms in the basic representation of Eg

hidden off-shell shift
symmetries symmetries

‘M 248
the SO(9) theory L
1 can be identified !

248
1 + 248 (3875 >
1 4+ 2 - 248 + 3875 + 30380

2-1+3-248+2 3875 + 30380 + 27000 € 14725)

4124
34752
213126
1057504

Sp|al} 10198A

Henning Samtleben ENS Lyon === ==




2012 : constructing SO(9) supergravity

hidden off-shell shift
symmetries symmetries

248
1

4124
34752
213126
1057504

sp|aly 10109A

O the SO(9) theory is a genuine d=2 theory
in particular SO(9) !/ Eg but SO(9)! Eg

O the full gauge group is infinite-dimensional (shift symmetries)

O the theory in the “Es frame” looks rather miserable

in particular the gauge groupis G = SO(8) <(RJ2,8 x RS )p x (RS ). 1)

\

~ 4 A,_/
off-shell hidden (on-shell)

O go toa “T-dual frame” in which SO(9) is among the off-shell symmetries
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2012 : constructing SO(9) supergravity

affine Es with Lo grading

shift ———————————————————————— 248.3
shift e ———————————— 248.;
shift EEE————————— 248.1
off-shell EEEE——————————— 2480

hidden e 248 1

hidden e ————————————— 248,
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2012 : constructing SO(9) supergravity

affine Es with Lo grading breaking under SL(8) ! R™

shift e e e ———(———— 248.3
shift e e e —————————— 248,
shift e ——————————— - R
off-shell e e ———————— 2480
hidden e e e, ———————————————————— 248 1
hidden e e e E———————————————(—— 248,

83 283 56-1 10+630 561 28.2 8:3

diagonal grading: Eo=Lg+ 5 OR
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2012 : constructing SO(9) supergravity

affine Es with Lo grading breaking under SL(8) ! R

shift —_ - 248,
shift — — - 248,
shift = - — 248,
off-shell = — — 248
hidden — _ — 248,

hidden — —— 248,

83 28, 56.1 104630 561 28.2 8.3

diagonal grading: Eo=Lg+ 5 OR
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2012 : constructing SO(9) supergravity

—_

affine Es with Lo grading . decomposition under SL(9)

——————————— 84.:10/3

e EESS—— 80.3

—_— 84,
I e — 83 84+7/3

e 80.2

—_— 84,
—— ———————— >3 84.4/3

S 80.

e — 84’+2/3
off-shell symmetry { —_— 800

SL(9) x T3 —————— g,
e ——— 80-1

E—— 84’_ -

—_— 84’73

84.1/3

“T-dual frame” :

coset sigma model Eg/SO (16) ——>  coset sigma model SL(9) x T** /SO(9)
with WZW term
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2012 : constructing SO(9) supergravity

“T-dual frame” :

coset sigma model  SL(9) x T°* /SO(9) with WZW term 84! 84! 84 —> 1

1 1 1
Lo = ! ZpR—I——pP“abP“b+—

17k Imn
. 0+ 5 0P M My Migy 0 70,6

1 v klm n s
6788“ gklmnpqrstgb 6/L¢ pd ay¢ !

in fact this is the d=11 theory reduced on a torus T° ...
fermionic part :

l 1 (
15MV&£DM¢£ T @iVVwI a“p' p}@”I ND,LLXGI _|_2 P2/3Xal 737 XbJ FIJ Qﬁﬁbc o P2/3Xal 737 XaJ Fbcd SOBCd

e 24

1 a 174 aoc a aoc 1 1
=5 PRI AT o — p2/3>< ! “%]F?J%f —5! B # S PR — 5! B ## S 1 D) PR
+5i_4 | 2/ 3 I#S#p J Fabc $abc + i | 2/ 3l (#p# | §# #H) " |J F?ch $ﬁb0

off-shell symmetry SL(9) x T** | D SO(9) gauging
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2012 : constructing SO(9) supergravity

“T-dual frame” :

gauged coset sigma model SL(9) x T®* /SO(9) with WZW term

1 1 .
L = ! JpR+ p PP+ — p*/3 My M, My, D*¢"% D, '™
1
648 5MV€klmnpqrst ¢klm D,uqsnpq D,/Q5TSt

fermion couplings and Yukawa terms

1

Lvik = 5 e et (@%‘fBu + @ v Bry — 2’“92[%1@;{1410 + ip @yt Ary

+ ip @O — ip B CE + p &y Diy + p &y vy Dy
+ p @ EL + p g 0 B + pr@“beF + p)@“ Y FL

_ . _Za a ~ 1~@bcd abcd
AIJ 5"] 5 9 BLZ]) -9 %brab bab 20 Fabc babc 4
AIJ _ gl Ian bab B %I ?chbabc gé 81 Ib‘{b _ 7 —14/9V 1km em SOach'l 1314 P —14/9 5bcdefghz'ka:l kef(plghgpazygpbcd
9 . 9 .a . ’_ b ab | abc | a be
B|J _ ab bab abé%j C - 9 FIJb : Q _ 9 p—llf_}é{/ lYk: 4+ 1 P —11/9 Eabcdefgﬂw'ijkgojcdgpkzefgpghz
> ' O 144
By = 5” b+ | b%%]' abcd balogd dIJ be 4+ bcd babcd I 1@ _C5a/b9 b agpbc]
8 1
a _ a_ | ab b cd abcd bcde bcde abl
Cly 9 i'i s 9 Fi”zlb = 9' % $b 517 b g%zéccf’lfijb% 855‘71“?} JaIdeedff' 12054 p2Pd 1 2% 65
~a __| b bab | abc bbi abc _ 1~ | abcd gbcd abc| bc
CIJ . 1@ N +a§r gcd | _9@@&31’*0 e 6_th Q/g(ngab I ZOPT>babC | 9 & ,ab F?J : (
D - 5 h— —12 ba ! abcd babcd 1
1J 1J 1 1J 81 Ca,bc _ gp 5/9 (Tdaspbcd_‘_Td[b(pc]da) : (z
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2012 : constructing SO(9) supergravity

“T-dual frame” :
gauged coset sigma model SL(9) x T®* /SO(9) with WZW term

1 1 o
L = | Z,OR—FZ,OP“ "P® +

]‘ 21 mn
- p/3 My My, My, D% D, ¢!

1
v klm n rst
" Eklmnpqrst ¢ D,u¢ pd l)l/q5

648

vector fields couple via

Lrm = & 5™ Vi with auxiliary (dual scalar) fields Y,.»

scalar potential

1 H
Vpot - = /05/9 (tr T)Z . 2tr( TZ) +18 ,0_2/3 Td[agpbc]dTeagpbce o 16,0_2/3 Td[bgpc]adTebgpcae

8
T —1
1 —13/9 Tachc Yadde 4 O(n 3) T (V V)
=" .Y
eighth order polynomial in ¢ viv Tyy

the dilaton powers precisely support the correct DW solution (near horizon of AdS; x S8)
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2012 : constructing SO(9) supergravity

different presentations

gauged coset sigma model SL(9) x T®* /SO(9) with WZW term

1 1 o
L = | Z,OR—FZ,OP“ "P® +

]‘ 21 mn
- p/3 My My, My, D% D, ¢!

1

* @guygklmnpqrst ¢klm Du¢npq Du¢r8t + e*¥ F/u/mn Vmn + VPOt (p7 V.o, y)

integrate out the vector fields A,™

1 . . . .
Lr = ! 2R +G; (L V", V) #@# e+ By (1 V" V) #®'# & + Voor (L, V. )

ungauged sigma model on a different target space

integrate out the auxiliary scalars Y.,

~

1
Lo = —ZpRJFFu! N pHK Rmnki (P,V,Qb) + ...t VPOt(p7V7¢)

gauged sigma model coupled to d=2 SYM
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concluding

SO(9) supergravity

O maximally supersymmetric d=2 supergravity with gauge group SO(9)
O last missing gauged supergravity around near-horizon geometries

RO D6 | IIA | AdSgxS? d=8, SO(3) [Salam, Sezgin, 1984]
’ —/ ) D5 | B | AdS7xS® | d=7,S0(4) [Samtleben, Weidner, 2005]
N D4 | lIA AdSe x S* d=6, SO(5) [Pernici, Pilch, van Nieuwenhuizen, 1984]
D3 11B AdSs x S5 d=5, SO(6) [Gunaydin, Romans, Warner, 1985]
D2 | IIA AdS4 x S¢ d=4, SO(7) [Hull, 1984]
/ AdSs x 8° F1/01 IIA/B| AdS3xS7 | d=3,SO(8) [de Wit, Nicolai, 1982]
: | b0 A Ads;xst | d=2,50(9) |

O mission completed ...
O holography : d=1 supersymmetric matrix quantum mechanics ...!
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concluding

SO(9) supergravity

O maximally supersymmetric d=2 supergravity with gauge group SO(9)
O last missing gauged supergravity around near-horizon geometries
O holography : d=1 supersymmetric matrix quantum mechanics ...!

we came here by a wonderful detour via three (and many other) dimensions

with Hermann via the d=3, SO(8) x SO(8) theory

which is still awaiting its embedding/interpretation in higher dimensions,
string theory, holography, ... (matrix string theory, double field theory, ...?7?)

sufficient material for the next anniversaries ...

Happy Birthday, Hermann ! (in all dimensions)
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